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DC CONVERTER WITH HALT MODE SETTING MEANS 



FIELD OF THE INVENTION 

[0001] The invention generally relates to DC converters having a halt mode setting 
operation for preventing the occurrence of over-current while minimizing the size of 
circuits. A related method for setting up halt modes is also disclosed. 

[0002] This document claims priority to Japanese Patent Application No. 2002- 
261234, filed with the Japanese Patent Office on September 6, 2002, the entire contents of 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0003] Power circuits have been used in various electronic circuits to convert 
incoming electrical signals to a desired voltage type (e.g., alternating current (AC), 
direct current (DC), etc.). Circuits capable of converting signals into DC by controlling 
on/off-time of semiconductor switches are increasingly becoming more important. 
These circuits can be brought to a halt (or dormant) mode when the operation mode of a 
controlling CPU (which implements power feeding) is switched to a low current 
consuming state, in which a relatively small amount of current flows in the circuit. 
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[0004] Under this halt mode, the operation mode, in which the semiconductors 
switch as a chopper unit, is switched to the "always-on" state so as to raise the output 
voltage, whereby the on/off control unit of the semiconductor switch in the power 
circuit is halted and the amount of power consumed by the control unit is reduced. 

[0005] FIG. 6 illustrates a schematic diagram of a known DC converter C3 provided 
with the above-mentioned halt mode. The DC converter C3 includes at least a DC 
chopper circuit 100, a drive circuit 200 for switching the DC chopper circuit 100 from 
regular operation mode to halt mode, and a current limiter 300 for preventing the flow 
of over-current through respective circuit elements included in the DC chopper circuit 
100. 

[0006] The DC chopper circuit 100 is formed using a P-channel type MOSFET as a 
semiconductor switch 1, with a source terminal receiving a source voltage Vddb; a diode 
2 connected to the drain terminal of P-channel type MOSFET 1, a reactance inductor 3, a 
capacitor 4 for voltage output, and a signal generator 5 for generating pulse width 
modulation (PWM) clock signals to be utilized for controlling the on/off time of 
semiconductor switch 1 so that a constant output voltage Vout is obtained. This signal 
generator is hereinafter referred to as clock generator 5. 

[0007] If a halt mode set-up signal is at the low level, the drive circuit 200 shown in 

FIG. 6 alternately switches the voltage of the signals PHS output from point A to high 
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(HI) and low (LO) levels by turning on pMOS 205 and nMOS 210, respectively, 
according to PWM clock signals input by the clock generator 5. 

[0008] In this case, the drive circuit 200 operates such that both MOS transistors 205, 
210 are required to be in an off-state before one of them is subsequently turned on. The 
PHS output from point A of drive circuit 200 is then applied to to the gate of the 
semiconductor switch 1 in the DC chopper circuit 100. In addition, when the halt mode 
set-up signal is switched from LO to HI, the drive circuit 200 operates to output HI and 
LO signals to pMOS 205 and nMOS 210, respectively, regardless of the level of the clock 
signals output from clock generator 5. The semiconductor switch 1 in DC chopper 
circuit 100 is therefore brought to the always-off state, at which point the current limiter 
300 initiates its operation. 

[0009] However, since the transistors used as the semiconductor switch 1 are 
typically of a low-current (i.e., slow response) type, the circuit is particularly 
susceptible to over-current conditions. 

[0010] For the sake of simplicity, further detail regarding the operation of the drive 
circuit 200 will be abbreviated since they are well-known to those skilled in the art. 

[0011] The current limiter 300 includes a comparison unit for detecting drain current 
of the semiconductor switch 1 and comparing the detected drain current with a 
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predetermined current value. A switch unit switches the semiconductor switch 1 to the 
off-state when the drain current exceeds the predetermined current value by outputting 
HI signals to the gate of semiconductor switch 1. The switch unit switches the 
semiconductor switch 1 regardless of the signals output from drive circuit 200, which 
provides an output based on the output of the comparison unit at the moment when the 
drain current exceeds the predetermined current value. The on/off control from the 
drive circuit 200 is triggered when the drain current falls below the predetermined 
current value by outputting LO signals to the gate of semiconductor switch 1. In order 
to reduce the current consumed in the current limiter 300 under an emergency measure, 
the semiconductors of a low current consuming type, or slow response type, have been 
used for forming the switch unit, as described above. 

[0012] When the semiconductor switch in the DC chopper unit is in either the high 
(HI) or low (LO) level in the noted DC converter C3, the halt mode set-up signal is 
switched from the low (LO) to high (HI) level and then the signal PHS is output from 
the point A of the drive circuit 200, 

[0013] FIG. 7 A illustrates the change in the output voltage Vout over time, as well as 
the drain current, and the voltage PHS applied to the gate of semiconductor switch 1, 
when the semiconductor switch in the DC chopper unit 100 is in the on-state and the 
halt mode set-up signal is switched from LO to HI. The drawing plots the voltage (V) 
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and current (A), vertically, over time (jus), in which the time, 0 (jus), corresponds to the 
instant the halt mode set-up signal is switched from LO to HI. Since the resistance is 
relatively small for the semiconductor switch 1 in the on-state and considerably small 
for the inductor 3, the over-current causes current to flow into the output capacitor 4 as 
soon as the semiconductor switch 1 is switched to the continuous-on state, regardless of 
the clock signals. 

[0014] As illustrated in FIG. 7A, the current flowing through semiconductor switch 
1 increases rapidly over time to reach its maximum of approximately 2A after around 
20 (is. As noted earlier, if the amount of the drain current exceeds a predetermined 
value, the current limiter 300 limits the PHS voltage to bring semiconductor switch 1 
into the off -state. However, since the transistors in the current limiter 300 are of a low 
current consuming type, or slow responding type, when the semiconductor switches to 
reduce the normal current consumption, the occurrence of the over-current remains a 
problem. 

[0015] FIG. 7B illustrates the characteristics of the output voltage Vout, the drain 
current, and the voltage PHS applied to the gate of semiconductor switch 1 over time 
when the semiconductor switch 1 included in DC chopper circuit 100 has been 
completely turned off and the halt mode set-up signal is switched from LO to HL 
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[0016] Typically, a predetermined period of time (such as 50 ^is, for example) will 
pass before the semiconductor switch 1, which has been turned off previously, switches 
on again. This period of time allows the current limiter 300, formed with the 
semiconductor switches of slow driving capability, to adequately respond to the 
switching behavior of the circuit without causing the noted over-current. In addition, if 
the current limiter 300 is formed with semiconductor switches having the driving 
capability suitable for responding to the switching, the increase in size of the 
semiconductor elements will not be as great. 

[0017] As illustrated in FIG. 7B, the drain current of the semiconductor switch 1 
starts increasing approximately after 80 jis and the current limiter 300 starts properly 
functioning after aboutlOO \is, whereby the occurrence of the over-current can be 
prevented. When the system is set to the halt mode during the on-state period of the 
semiconductor switch 1, the starting of proper operation for the current limiter 300 is 
delayed for a certain period of time, thereby causing a momentous flow of over-current. 

[0018] As one of the measures to alleviate the over-current, the current limiter 300 
may be formed with semiconductor switches of high driving capability, i.e., fast 
responding. This measure, however, may result in undue increase in current 
consumption as well as production costs. 

BRIEF SUMMARY OF THE INVENTION 
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[0019] Accordingly, an exemplary embodiment of the invention provides a DC 
converter with a halt mode setting for preventing the occurrence of over-current while 
alleviating the increase in the size of circuits. Also, an exemplary method for setting up 
such halt mode is also disclosed, having most, if not all, of the advantages and features 
of similar employed apparatuses and methods, while reducing or eliminating many of 
the aforementioned disadvantages. 

[0020] The following description is a synopsis of only selected features and 
attributes of the present disclosure. A more complete description thereof is found 
below in the section entitled "Description of the Preferred Embodiments" 

[0021] A DC converter according to an exemplary embodiment includes a 
semiconductor switch, and a clock generator for outputting a clock signal to a gate of 
the semiconductor switch to be utilized for controlling an on/off time of the 
semiconductor switch such that a predetermined power is output from the generator. 
The DC converter further includes a drive circuit for switching the semiconductor 
switch into the continuous-on state according to a halt mode setting requirement 
regardless of the clock signal when the semiconductor switch normally repeating on/off 
operations in response to the clock signal is in its off-state. 

[0022] The drive circuit may further include a signal synchronization unit for 

switching the semiconductor switch into the continuous-on state according to the halt 
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mode setting requirement after the semiconductor switch is turned off in response to 
the clock signal input from the clock generator,. 

[0023] In addition, the drive circuit may further include an off-signal generator 
unit for switching the semiconductor switch into the continuous-on state according to 
the halt mode setting requirement, after the semiconductor switch is turned off 
regardless of the clock signal input from the clock generator. 

[0024] An exemplary method is also disclosed for setting up a halt mode for a DC 
converter that includes a semiconductor switch, and a clock generator for outputting a 
clock signal to a gate of the semiconductor switch for controlling an on/off time of the 
semiconductor switch so that a predetermined power signal is output from the 
semiconductor switch. The method includes the step of switching the semiconductor 
switch into a continuous-on state according to a halt mode setting requirement, 
regardless of the clock signal, when the semiconductor switch normally repeating 
on/off operations in response to the clock signal is in the off-state. The method may 
include a further step of switching the semiconductor switch to the continuous-on state 
according to the halt mode setting requirement after the semiconductor switch is turned 
off in response to the clock signal input from the clock generator. In addition, the 
method may include a further step of switching the semiconductor switch to the 
continuous-on state according to the halt mode setting requirement after the 
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semiconductor switch is compulsorily turned off, regardless of the clock signal input 
from the clock generator. 

[0025] These and other features and advantages of the invention will be more 
clearly seen from the following detailed description of the invention which is provided 
in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic diagram illustrating a DC converter provided with the 
halt mode according to an exemplary embodiment of the invention; 

[0027] FIG. 2 includes a timing diagram illustrating an operation of the DC 
converter of FIG. V, 

[0028] FIG. 3 illustrates the change in the output voltage Vout, the drain current, 
and the voltage PHS applied to the gate of semiconductor switch over time, when the 
halt mode set-up signal is switched from low to high; 

[0029] FIG. 4 is a schematic diagram illustrating a DC converter according to 
another exemplary embodiment of the invention; 

[0030] FIG. 5 includes a timing diagram illustrating the operation of the DC 
converter of FIG. 4; 
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[0031] FIG. 6 is a schematic diagram illustrating a known DC converter provided 
with a halt mode; 

[0032] FIG. 7 A illustrates the change over time in the output voltage Vout, the drain 
current, and the voltage PHS of the DC converter in FIG. 6, when the semiconductor 
switch in the DC chopper unit 100 is in the on-state and the halt mode set-up signal is 
switched from low to high; and 

[0033] FIG. 7B illustrates the change over time in the output voltage V out , the drain 
current, and the voltage PHS of the DC converter in FIG. 6, when the semiconductor 
switch 1 included in DC chopper circuit has been completely turned off and the halt mode 
set-up signal is switched from low to high. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] In the detailed description which follows, specific embodiments of a DC 
converter with a halt mode setting function are described, which is capable of 
preventing the occurrence of over-current while alleviating the increase in the size of 
circuits. It is understood, however, that the present disclosure is not limited to these 
embodiments. For example, the use of the DC converter disclosed herein may also be 
adaptable to any form of electronic circuits and systems. Other embodiments will be 
apparent to those skilled in the art upon reading the following description. 
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[0035] FIG. 1 is a schematic diagram illustrating a DC converter CI provided with 
the halt mode according to one embodiment disclosed herein, while FIG. 2 includes a 
timing chart for the operation of the DC converter. 

[0036] The components in the circuit of FIG. 1 that are similar to those of the 
known DC converter C3 described earlier in reference to FIG. 6 are shown with 
identical numerical representations and detailed description thereof is herein 
abbreviated. 

[0037] Referring now to FIG. 1, the DC converter CI includes at least a DC chopper 
circuit 100, a drive circuit 250 and a current limiter 300. The DC chopper circuit 100 
includes a F-channel type MOSFET, used as a semiconductor switch 1, with the source 
voltage Vddb being applied to its source terminal, and a diode 2 being connected to the 
drain terminal. A reactance inductor 3, a capacitor 4 for voltage output, and a signal 
generator 5 are also provided for generating pulse width modulation (PWM) clock 
signals for controlling the on/off time of semiconductor switch 1 so that a constant 
output voltage Vout is obtained. This signal generator is hereinafter referred to as clock 
generator 5. Drive circuit 250 is coupled between the clock generator 5 and the gate of 
semiconductor switch 1. The drive circuit 250 is discussed in greater detail below. 

[0038] The current limiter 300 includes a comparison unit 301 for detecting drain 

current of the semiconductor switch 1 and comparing the detected current with a 
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predetermined current value. When the drain current exceeds the predetermined 
value, switch unit 302 outputs a HI (high) signal to the gate of semiconductor switch 1 
to switch the semiconductor switch 1 to the off-state.. In this case, the HI signal is 
transmitted regardless of the signals output from drive circuit 250.. When the drain 
current falls below the predetermined values, switch unit 302 outputs a LO (low) signal 
to the gate of semiconductor switch 1 for re-enabling the on/off control by the drive 
circuit 250. 

[0039] In order to reduce the current consumed in the current limiter 300 as an 
emergency measure, the semiconductors used in the switch unit are preferably of a low 
current consuming type, i.e., slow response type, as described above. 

[0040] The drive circuit 250 includes triple-input NOR gate 201 and NAND gate 
206, which receive fed-back signals HP and HN as shown in FIG. 1. The output from 
the NOR gate 201 is subsequently inverted via three inverters, 202 through 204, wherein 
the inverters delay the signal output by a predetermined period of time. The output 
from the NAND gate 206 is subsequently inverted via three inverters, 207 through 209, 
which similarly invert and delay the signal by another predetermined period of time. A 
P-channel type MOSFET 205 (which is hereinafter referred to as pMOS) receives the 
inverted signal HP from the NOR gate 201 at its gate terminal, while a N-channel type 
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MOSFET 210 (hereinafter as nMOS) receives the inverted signal HN from the NAND 
gate 206 at its gate terminal. 

[0041] The signal synchronization circuit 240 includes two inverters 241, 244 and a 
two-staged D-flip-flop 242, 243 (hereinafter as D-FF). 

[0042] The internal signal HP in the drive circuit 250 is inverted by the inverter 
241 and subsequently inputted to the clock input terminals of the D-FF, while HRSTB 
signals are input to reset terminals of the D-FF. The HRSTB signals are switched to HI 
when the DC converter CI is initialized. 

[0043] Halt mode set-up signals are input to the data input terminal D of the D-FF 
242, while the output Q of D-FF 242 is input to the data input terminal of D-FF 243. 

[0044] The output Q of D-FF 243 is input as SLP signals to the signal input 
terminal of NOR gate 201. Further, the signals SLPB, which are formed by inverting the 
output Q of D-FF 243 by the inverter 244, are transmitted to the input terminal of 
NAND gate 206. 

[0045] The SLP signals output from signal synchronization circuit 240 and PWM 

clock signals output from the clock generator 5 are respectively coupled to the 

remaining terminals of the triple-input NOR gate 201. The SLPB signals (i.e., inverted 

SLP signals) output from signal synchronization circuit 240 and PWM clock signals 
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output from the clock generator 5 are respectively coupled to the remaining terminals of 
the triple-input NAND gate 206. 

[0046] The source terminal of pMOS 205 receives a voltage Vddb, and the drain 
terminal of pMOS 205 is connected to the drain terminal of nMOS 210. The source 
terminal of nMOS 210 is coupled to ground. 

[0047] If a halt mode set-up signal is at the low level (LO), LO SLP signals and HI 
SLPB signals are output from the signal synchronization circuit 240. In this case, 
pMOS205 and nMOS 210 are alternately turned on corresponding to PWM clock signals 
input by the clock generator 5, and the voltage of the signals PHS output from the point 
A are switched to HI and LO, alternately. Furthermore, both MOS transistors 205, 210 
should be in an off-state before one of them be turned on. The gate terminal of 
semiconductor switch 1 in DC chopper circuit 100 receives the signals PHS output from 
the point A of drive circuit 250. 

[0048] When the halt mode set-up signal is switched from LO to HI, the signal 
synchronization circuit 240 operates as follows: subsequent to the signal HP being 
switched to LO corresponding to clock signals and the semiconductor switch 1 in 
chopper circuit 100 being turned off, the circuit 240 functions to switch the SLP signal to 
HI and SLPB signal to LO (as illustrated by the time intervals, 8 and 9, in FIG. 2). 
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[0049] As a result, the PHS signal is switched from HI to LO, which makes the 
semiconductor switch 1 switch to the continuous-on state regardless of the clock 
signals. 

[0050] In order to turn off the semiconductor switch 1, the clock generator 5 ceases 
to output HI clock signals during these steps. Accordingly, the current consumption in 
the clock generator 5 can be reduced. 

[0051] FIG. 3 illustrates the change in the output voltage Vout, the drain current, 
and the voltage PHS applied to the gate of semiconductor switch 1 over time, when the 
halt mode set-up signal is switched from LO to HI. 

[0052] Generally, a predetermined period of time should pass (such as 50 jas, for 
example) for the semiconductor switch 1, which has been completely turned off 
previously, to be switched back on. This length of time makes it feasible even for the 
current limiter 300 formed with semiconductor switches of slow driving capability to 
adequately respond to the switching behavior of the circuit without causing the noted 
over-current. 

[0053] In addition, if the current limiter 300 is formed with semiconductor 
switches having the driving capability suitable for adequately responding to the 
switching, the increase in size in semiconductor elements is not so great. 
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[0054] In the exemplary embodiment of FIG. 3, the drain current of the 
semiconductor switch 1 starts increasing approximately after 80 jxs and the current 
limiter 300 starts functioning after aboutlOO |as, whereby the occurrence of the over- 
current can be prevented. 

[0055] As described above, by utilizing the signal synchronization circuit 240 
provided herein, the drive circuit 200 is thus adapted not to switch the semiconductor 
switch 1 in chopper circuit 100 to the on-state right away when the halt mode set-up 
signal is switched from LO to HI. Instead, the drive circuit holds its state until the 
semiconductor switch 1 is switched to LO corresponding to clock signals, and then to 
switch the PHS signal to LO and accordingly the semiconductor switch 1 to the 
continuous-on state regardless of the clock signals. As a result, the occurrence of the 
over-current caused by forced switching of the semiconductor switch can be alleviated. 

[0056] Although the formation of the DC converter CI in the present embodiment 
has been described with the noted drive circuit 250 provided between the clock 
generator 5 and the gate of semiconductor switch 1, the DC converter CI may 
alternatively be formed by directly interconnecting the clock generator 5 and the gate of 
semiconductor switch 1 with a more simplified drive circuit placed between the clock 
generator 5 and the gate of semiconductor switch 1. In this case, the drive circuit may 
include only the signal synchronization circuit 240. 
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[0057] More specifically, the inverter 241 would receive the clock signals from the 
clock generator 5 in place of the HP signals, and SLPB signals output from D-FF 243 
would be applied to the gate of semiconductor switch 1 in chopper circuit 100. 

[0058] FIG. 4 is a schematic diagram illustrating a further DC converter C2 
according to another exemplary embodiment disclosed herein, while FIG. 5 is a timing 
diagram illustrating the operation of the DC converter C2. The components in FIG. 4 
similar to those of the aforementioned DC converter CI described FIG. 1 are shown 
with identical numerical representations and detailed description is therefore omitted. 

[0059] Referring now to FIG. 4, the DC converter C2 includes at least a DC chopper 
circuit 100, a drive circuit 280 and a current limiter 300. The drive circuit 280 disclosed 
herein is formed by replacing the inverters 202, 207 shown in FIG. 1 with NOR gates 
280, 281, and the signal synchronization circuit 240 with an off-signal generator 260, 
respectively. 

[0060] The drive circuit 280 is thus adapted to operate as follows: subsequent to 
the signal PHS being forced to switch to HI simultaneously with the input of HI IDET 
signals, and the semiconductor switch 1 being turned off, the circuit 240 switches the 
PHS signal to LO and the semiconductor switch 1 to the continuous-on state regardless 
of the clock signals (as illustrated by the time interval 7 in FIG. 5). 
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[0061] By means of the present drive circuit 280, prompt mode switching becomes 
feasible and the occurrence of the over-current, which is caused by forced switching of 
the semiconductor switch in the on-state to the continuous-on state regardless of the 
clock signals,is alleviated. 

[0062] The structure and operation of the off -signal generator 260 included in the 
drive circuit 280 is now described. The off-signal generator 260 includes six inverters, 
261 through 266, a double-input AND gate 267, and a capacitor 268 to designate the 
wiring capacitance of the circuit. The output terminal of inverter 261 is connected to 
one input terminal of the double-input AND gate 267 by way of inverter 262, as well as 
to the other input terminal of the AND gate 267 by way of inverters 263 through 266. 

[0063] The output from the inverter 264 is input, as the SLPB signal, to one of the 
input terminals of triple-input NOR gate 201 included in the drive circuit 280. The 
output from the inverter 265 is input as the SLP signals to one of the input terminals of 
triple-input NAND gate 206 included in the drive circuit 280. 

[0064] The NAND gate 267 operates to output HI IDET signals only for the period 
corresponding to the delay time for three inverters. Thereafter, HI SLP signals are 
output to the drive circuit 280. 
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[0065] By way of the off -signal generator 260 disclosed herein, the drive circuit 280 
is adapted to switch the voltage of PHS signal right away to HI and the semiconductor 
switch 1 in chopper circuit 100 to the off-state when the halt mode set-up signal is 
switched from LO to HI. Thereafter, the semiconductor switch 1 is switched to the 
continuous-on state regardless of the clock signals. 

[0066] As a result, the occurrence of the over-current caused by forced switching 
of the semiconductor switch is alleviated, as shown in FIG. 3. 

[0067] In addition, the concurrent increase in output voltage Vout results in halting 
the operation of the clock generator 5, whereby the current consumption in the clock 
generator 5 can be reduced. 

[0068] It is apparent from the above description including the examples the DC 
converters disclosed herein above are advantageous over previously known similar 
devices and can be incorporated into various circuits and apparatuses. 

[0069] For an example, since the present DC converter is adapted, when the 
semiconductor switch is in its off-state, for switching the semiconductor switch to the 
continuous-on state according to a halt mode setting requirement regardless of the clock 
signal, the occurrence of the over-current can be alleviated, which is caused by 
switching the semiconductor switch in the on-state to the continuous-on state. 
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[0070] In addition, the drive circuit is also adapted for switching the 
semiconductor switch to the continuous-on state according to a halt mode setting 
requirement regardless of the clock signal, when the semiconductor switch normally 
repeating on/off operations responsive to the clock signal is in its off-state. As a result, 
the noted occurrence of the over-current can be alleviated. 

[0071] Furthermore, the drive circuit is adapted for switching the semiconductor 
switch to the continuous-on state according to the halt mode setting requirement after 
the semiconductor switch is forcibly turned off regardless of the clock signal input from 
the clock generator. As a result, prompt mode switching becomes feasible and the 
occurrence of the over-current, which is caused by forced switching of the 
semiconductor switch in the on-state to the continuous-on state, can be alleviated. 

[0072] The process steps set forth in the present description on the fabrication of 
MOS transistors and semiconductor apparatuses incorporating the transistors may be 
implemented using conventional general purpose microprocessors, programmed 
according to the teachings in the present specification, as will be appreciated to those 
skilled in the relevant arts. Appropriate software coding can readily be prepared by 
skilled programmers based on the teachings of the present disclosure, as will also be 
apparent to those skilled in the relevant arts. 
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[0073] The present specification thus include also a computer-based product which 
may be hosted on a storage medium, and include instructions which can be used to 
program a microprocessor to perform a process in accordance with the present 
disclosure. This storage medium can include, but not limited to, any type of disc 
including floppy discs, optical discs, CD-ROMs, magneto-optical discs, ROMs, RAMs, 
EPROMs, EEPROMs, flash memory, magnetic or optical cards, or any type of media 
suitable for storing electronic instructions. 

[0074] Additional modifications and variations of the present invention are possible 
in light of the above teachings. It is therefore to be understood that within the scope of 
the appended claims, the invention may be practiced other than as specifically 
described herein. 
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